Introduction
The European Synchrotron Radiation Facility (ESRF) is a 3rd generation synchrotron radiation source (SR) which has come into operation in 1992. Brilliance and high photon energies are the main features of this 6 GeV sourcel, 23. Table 1 gives an overview on the three SAXSIWAXS beamlines to be installed. Table 1 ESRF-Beamlines to be used for small-and wide-angle scattering (SAXSIWAXS)
Source Properties
The principal radiation sources of the ESRF are insertion devices such as undulators or wigglers. A rough distinction can be based on the K-value (K=a*y) where yl is the opening angle of the photon emission cone of an electron (2) and a the angle of the photon emission cone relative to the electron trajectory. [2] Undulator features with discrete line spectra are observed for K G at the ESRF while an extended spectral range is observed in the wiggler-regime. An extended spectral range can also be covered with an undulator by "tuning" the magnetic field which implies a variation in K. Fig.1 shows the comparison of the calculated and observed spectrum for the K-2. 1 undulator of the microfocus beamline.
BL-No

BL#1
BL#4 (1)
BL#17
will be separated into a beamline dedicated L o small-angle scattering and a beamline dedicated to biological diffraction (2) p1957*E where E is the energy of the storage ring Usually one can choose the period of the insertion device -&-and for undulators the location in a high-or low-p section. A comparison of the photon source parameters for the insertion devices for the three SAXS-beamlines is given in Table 2 . Note that a high-P section is optimized for small divergence while a low-f3 section for small source size. Table 2 Radiation sources for ESRF SAXS-beamlines; x:horizontal;z:vertical to the storage ring plane.
Ring current: at 100 mA
Instrumentation
BL-Nc
BL#1
BL#4
Bending magnet or wiggler sources have horizontal divergences up to a few mrad. For flux-optimized experiments the horizontal divergence is usually accepted by a focusing monochromator while the vertical divergence is accepted by a cylindrical or elliptical rnirror [3, 4] . For applications requiring energy tuning one may choose a double monochromator with a sagitally curved crystal for horizontal focusing[5, 61.
a second segment wilh Kmax = 0.5 and 1 , = 26 mm will be installed in order to increase the brilliance at = 12 keV (first harmonics) by = factor 2. Undulator sources have similar horizontal and vertical spot sizes at the optics. In this case one can accept the full beam divergence by mirror optics which may be either a combination of two orthogonal mirrors (Kirkpatrick-Baez geometry) or a double focusing mirror. This scheme has as additional advantage that it allows to separate focusing from monochromatisation.
High-Brilliance Beamline
The high brilliance beamline will make use of pinhole collimation. The optical system comprises a Si-l l l channel-cut crystal and a toroidal mirror [7, 8] . The monochromator allows to cover a wavelength range 2A>h>0.75A. SAXS-experiments at shorter wavelength than the often used 1.5 A are of interest for strongly absorbing samples, e.g. pressure cells. The main applications of BL#4 will be in the area of timeresolved experiments up to the light scattering range. The close to 1:l demagnification allows to preserve source divergence (Table 1. ). The variation of the beam size with distance from the source is rather small as shown in Fig.2 .
Experiments Hutch
Distance from source [m]
Variation of beamsize for high-brilliance beamline with sample to detector distance. Solid curves correspond to ideal mirror surfaces, barred curves assuming state-of-the-art surfaces.
In practice the detector will be moved inside a vacuum tube towards the sample. The variation of sarnple/detector distance from 0.5m to 10m allows an easy change of resolution conditions ( Table 3 ). 
Anomalous Dispersion Beamline
The applications of anomalous dispersion in materials research will be covered by a wiggler beamline which allows to extend the spectral range to = 0.3 A. An extension to the softer part of the spectrum (h= 6
A) is envisaged in order to cover the K-absorption edges of biologically important elements such as P or S.
The choice of a wiggler with a low K-value (Table 2 .) allows to conserve brilliance as far as possible while ensuring a homogeneous spectral range. Furthermore the heatload on the first optical element can be reduced. I  I  I  I~I  I  I  I~I  I  I  I~I  I  I  I~I  I  I   0  10  20  30  40  50 Photon energy [keV] The full horizontal divergence of the source (Table 2 .) can be accepted by a Si-monochromator with sagittal focusing. A pre-mirror is required to match the vertical divergence with the acceptance of the monochromator. Focalisation in the vertical plane is performed with a post-mirror made out of silicon. Both mirror surfaces will be separated into three stripes corresponding to (i) uncoated, (ii) coated with Rh and (iii) coated with Pt in order to be used for different energy ranges and to get a fixed-exit. (Fig.3) The spectral range covered is shown in Fig.3. [10] Ray-tracing suggests a focal spot of =100(h)*200(v) pm2
with 4*1013~h/s which is of particular interest for selective area studies (e.g. single grains, surfaces and interfaces). The Q-range of this beamline (Gin=3*10-3 A-1) is more limited than that of the high brilliance beamline in view of the overlap with other techniques (e.g. electron microscopy).
Microfocus Beamline
The microfocus beamline has been conceived principally for micro-diffraction and micro-SAXS. [8] and is one of the three test beamlines which has come into operation end of 1992. The low-P source point ( Table   2 .) will be demagnified by factor 10 by a double focusing ellipsoidal mirror. The setup of the beamline has led to a separation of SAXS from diffraction. Thus a double focusing SAXS camera -derived derived from a laboratory camera [ I l l -has been installed in a separate experimental hutch at the end of the beamline. This camera uses the monochromatic beam from a channel-cut monochromator and focalizes the beam by a triangular Si-1 1 1 monochromator with 120 asymmetric cut in the horizontal plane and a cylindrically bent Kanigen mirror in the vertical plane. Although still to be optimized, a spot size of 250(h)*100(v)pm2 has already been observed at the sample position. The wavelength is fixed to =1.5 A(s~-111) or ~0 . 9
A (Si-220) with a measured flux of =1011 Ph/s at 1.5 A. Capillary optics has yet to be tested for SAXS-applications. The extent to which the interior glass surface will increase the divergence of the beam and hence degrade the SAXS-resolution remains to be seen. The upper limit of divergence is given by the angle of total reflection which is =3rnrad for glass at 1.5 A. In contrast, the beam divergence -@-for a BFL-optics is given by the ration @=A/F=h/Ar, where A is the aperture of the BFL and F its focal distance which is ~0 . 3 mrad for the 2D-BFL. With the advent of microfocus SAXS-cameras, sample manipulation methods can be borrowed from electron microscopy. Thus Fig.6 shows the location of a starch particle on an electron microscopy grid which allows to position the sample accurately in the photon-beam [19] . Fig.6 Optical micrograph of starch particle on electron microscopy grid.1191
Detection Systems
The requirements for ms-readout for certain time resolved experiments (e.g. muscle scattering), a dynamic range of 2105 , the lowest possible background noise and the possibility to record anisotropic scattering patterns favour 2D gas-filled detectors. The approach taken at the ESRF is to redesign the readout part of the well established delay-line readout method [20, 21] with VME/VXI components with the aim of anticipating possible future multiplexed detectors. Thus a new TDC [22] and a histogramming memory [23] have been developed and tested with a 2D gas-filled detector with a 20 ns delay-line.(5) A counting rate of =5 MHz for 1024*1024 pixels is possible although the histogramming memory limits the system at present to = 1.2 MHz. For this ultrafast delay-line the detector resolution is 4 . 9 mm. An improvement of the resolution of the gas-filled detector will be necessary in particular for experiments at very small Q-values. As indicated above, off-line image (5) the resolution can be as low as 20 ps depending on the choice of thc clock speed JOURNAL D E PHYSIQUE IV plates are used at the ESRF for static SAXS-experiments. The use of image intensifiers for static or moderate time resolution experiments is an option for the future [24] .
